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DUCTION 


The effects of radiation on the physiological and metsbolic 
processes of Living organisns are of prine interest to many investi~ 
gators in biophysics. The processes of growth and respiration are 
‘vital properties of any living tissue and should provide exceptionally 
good indices of overall radiation damage to the living system. On the 
basis of the mmerous effects of X-rays and other ionising radiations 
on living systens which have been noted, one should expect that the 
overall netabolion of the systen, measured by the quantity and rate of 
gaseous exchange, would be rapidly and notably affected by the radiation. 
Even a brief survey of the work dealing with this aspect of radiation 
damage, however, shows that such an expectation has not been corro= 
borsted by experiment. But, the effects of radiation on growth and 
developent of living organisms confim expectation. Morphological 
changes in embryos as a result of gene mitation and chronosoue sber= 
‘ation induced by radiation have been observed and studied for come tines 
‘Less obvious than these gross effects are the microscopic changes, 
attribubed to Jonising radiation, that take place in the immediate 
neighborhood of a cell. These changes probably influence cellular 
metabolic processes; hence, they affect the subsequent development of 
the cell and the organien as a whole oven though a gene mutation or 
chronosone change is not involved. 

oe 
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A survey of the literature also reveals that through expediency 
nost investigators concemed with radiation effects on metabolic 
Processes have worked with aninals high up the evolutionary soule and 
‘that comparatively little work has been done with simple organims. 
The fundmental metabolic processes are the sane in all forms of life. 
But, the higher forms of life contain many different coll types with 
certain specialized metabolic processes. Moreover, when such an orgenisn 
is irradiated, the activities of the different cells taking part ino 
metabolic function may be speeded up, slowed dom, or even stopped. Con= 
sequently, the degrees to which these cells participate in certain reac= 
‘tions may aleo change. It is not surprising, then, that radiation effects 
on respiration have escaped detection end that the interpretation of 
(owth enonalies, other than those caused by direct action, has not net 
‘with complete success. 

‘The purpose of this investigation is to study the growth and 
respixation of a living organin of a different nature, which my be 
grown under controlled enviromental conditions, and to determine whether 
or not X-rays influence the normal respiratory process and growth of the 
organion. 

Corn root tips are therefore used because it is known that they 
may be excised md grom in sterile nutrient solution. In comparison 
‘ith many aninal tissues they contain relatively fewer different types 
of cells. 

To attempt to reduce an organion to its constituent cells and to 
‘study these celle as elenentary organions is a project of fundamental 


=3e 
Amportance in the solution of basic biophysical problenas, The technique 
of segregation of cells, tissues, and organs from the body as a whole 
and their maintenance as isolated units under the most optimm and fully 
‘controlled conditions possible is a difficult task, But, by reducing 
‘the complexity produced by many different types of cells functioning 
simltaneously, the technique of isolating simple cells or cell struc- 
‘tures can provide the means of broaching many basic problens. Cognisant 
of this basic standpoint, plant physiologists for many yoars have pro= 
ceeded methodically to grow cells and snall groups of cells in nutrient 
solutions in order to study various phenomena associated with their 
Growth. However, they are still faced with many difficulties, which have 
‘been only partially overcome, in the cultivation of plant tissues. The 
chief difficulties ares (1) the selection of the proper organic and in- 
‘organic substances ani their concentrations for optinal growth and develop= 
ment of the tissue which in its natural state is not imersed in a free 
mutrient solution, and (2) the excision of a plant part which exposes 
delicate, vital parts and gives rise to shock to the exoised portion in 
ite removal from the whole body. In spite of these ad other difficulties 
‘which resulted in many futile experinents, considerable successful work 
has been carried out by different workers since about 1930. Although 
‘excised plant cells have not been grom in artificial nutrient media with 
complete success, there is no doubt that normal growth of the cultures 
‘will eventually be realized. 

‘The body of this research report is divided into six main 
Sections. Chapter I is concemed with the growth of exsised corn roots 


in artificial nutrient media and the effect on prinary growth of the 
growth hormone, indoleacetic acid. In Chapter Il « related growth 
study, the lateral root formation as a function of indoleacetic acid, 
is investigated. The use of the quantitative statistical method yields 
considersble information sbout this auxiliary growth phenomenon. In 
Chapter III the respiration of exised tissues as affected by different 
concentrations of the growth hormone indoleacetic acid is studied. The 
problen of deteraining whether or not the respiretion of m excised root 
is altered when its primary growth is retarded or enhanced is discussed. 
The tissue cultures were exposed to doses of X-radiation varying from 
100 to 100 roentgens and the oaygen uptekes of the irradited cultures 
were measured. Experinental results are presented and discussed in 
Chapter IV. The primary growth and lateral reot formation of the oul~ 
‘ares which were irradiated are briefly taken up in Chapter V. Sone 
Previous investigations have uade use of the bicelectric potentials of 
organions as indices of radiation danage. Without going into the 
mechaniens or origins of bicelectric potentials, consideration has been 
given to the measurement of the bicelectric potentials of the plant tissue 
cultures to align the present work with past growth studies md to lend 
‘support to the usefulness of the bicelectric potential as 2 measure of 
radiation damages The bicelectric potential messurenents are discussed 
in Chapter V6 


=f 


‘st of Genepe), Raterences 


Boel, E+ Je Symposiun ological Effects of Radiation at the 
” "gliular Level, pp i9eia. doure Calls Coup. Payeholny 
3B (owwp. 2), (andy, 1952) 


Clark, George Le Applied X-Rays. MoGraw-Hill Book Co. New York (1910) 


De Ee Actions of Radiations on Living Cells. Cambridge University 
te Press. The iacniilan Cov New York (1947) 


Janes Joy Baitors Aspects 
ses atm ata ite hes aa 
Wew York (1952) 


White, P, Re A Handbook of Plant Tissue Cultures Jaques Cattell Press. 
‘Eaneaster, Pas (1913) 


Derotetion 

The growth of a plant takes place in certain localised regions 
where cell division occurs. These regions are called meristenatic 
regions, At the tips of roots, primary growth is initiated by an apical 
meristem, The region of cell extension Lies just behind the meristenatic 
region of the root, This region is mainly responsible for zvot elongo= 
tdon, Behind the region of elongation lies the region of cell differentia~ 
‘tion. The growing end of a root 1s contained in the apical 1 to 2 mm 
Length of the root (1, 2). Therefore, am excised root tip of 1.5 oa 
Length contains @ comparatively large proportion of meristematic and cell 
GLongation regions and is an excellent culture for growth studies. 

‘The meristenstic regions of cell division are seste of intense 
assimilation of carbohydrates and proteins. To use these and other foods 
for the maintenance of the process of cell division, the cells require 
‘muerous growth regulating substances. Uany of these substances are 
‘ensynes or coensynes while others may be classed as hormones or vitenins. 
422 tale part in essential reactions of the metabolic mechanim. 

Plant growth hormones play a specific role in the regulation of 
‘the growth of one part of a plant as compared to another. In general, 
‘they are synthesised in one tissue and then travel to another site for 
‘action, They are orgmic substances and, like ensynes, are extrencly 
‘active in mall concentrations. 

‘The most important plant growth hormone is indoleacetic acid (LiA). 
‘This hormone and other related compounds are called auxins. The auxins 
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are prominent in the control of stem and root growth, lateral bud 
inhibition, fruit growth, and many other physiological activities of 
‘the plant. Snall quantities of auxin are gynthesised in apical root 
meristems (3). Unrestricted growth may be controlled by a specific 
ensyne also synthesised by the plant colls. This ensyme may break 
down indoleacetic acid to an inactive substance (i). 

The metabolic role of the naturally occurring auxin indole= 
sostic acid is not completely known. There is evidence that the 
auxins act in a catalytic or regulatory capacity in sone phase of the 
carbohydrate or orgwnic atid metabolion of plants (5, 6). Becmise of 
‘the very low concentrations necessary to produce such striking growth 
effecte, it is possitle that auxin may operate as the prosthetic group 
of an ensyme. 

When a root is excised from the parent plant it is deprived of 
4 part of its normal source of auxin, since most of the auxin is syn= 
‘thesized in the leaves and transported to the roots. Normal cell 
elongation is therefore inhibited since the proper quantity of auxin is 
necessary for optinal growth of the cells. An artificial souree of auxin 
must become available to the excised root. Because of inherent differ 


ences between plants, the optim aucin concentration for normal growth 
varies grestly with different tissues nd is not known for all plants. 
Relatively higher thn optimm auxin concentrations usually exert an 
Amhibitory effect on this phase of growth. The optimum coneentration of 
indolessetic acid for growth of roots of ont seedlings 1s about 

1.6 x10 grans por Liter and concentrations above about 10-7 grans per 


Sas 
Liter inhibit growth of the roots (7)+ Bonner and Koepflt, in their 
study of the growth of avena roots, found that concentrations of 
Andolesoetic acid higher than 10% ng per Liter inhibited growth (8, 9). 
‘The deteraination of the consentration of indelessetic acid which 
enhances the elongation of exised com root tips is one of the probilens 
of this investigation. 


marines) Preceters, 
‘The culture of excised plant tissues in sterile media ie the 


‘technique used in this experiment to determines (1) whether or not the 
prinary growth of plant tissue cultures of corn root tips is affected 
by indoleacetic acid, md (2) the concentrations of IAA which result in 
‘enhancement and inhibition of primary growth. 

Gorn seeds of a hybrid variety (Dixie No.18 Field Gorn) are 
washed in a 1¢ solution of Ca(Cl0)p for 20 minutes. For germination, 
‘the seeds are transferred to petri dishes under sterile conditions with 
sterile forceps, three seeds to each dish. ‘The petri dishes contain two 
layers of blotting paper, cut to the size of the dish, moistened with 
distilled water and have previously been autoclaved for 20 mimites at a 
pressure af 17 pounds per square inch and e tenpersture of 255° F. The 
seeds are germinated for about six days in a darkened room equipped with 
am ultraviolet geraicidsl lesp for purification of the air. Then, root 
tips af shout 15 om length are excised using sterile techniques. the 
root tips are imediately transferred to 125 ml Erlemeyer flasks 
containing 50 nl of White's nutrient solution sugnented by the various 
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concentrations of indoleacetic acid. The flasks with their nutrient 
media have been autoclaved previous to the transfer of the root tips. 
One root tip only is grow in each flask. The flasks are stoppered 
with cotton-gauze plugs and capped with 50 ml beakers. They are placed 
in an dnoubator where the cultures are grow at 20° ¢ for a total 
Period of 15 days. 

‘The effect on primary growth of the roots is studied for six 
4ifferent concentrations of indoleacetic acid in the nutrient solution. 
These concentrations range from 10° to 107 ng IAA per Liter mutrient 
medium. Since there is sone variability in the length of individual 
cultures, especially in the more advanced stages of growth, ten cultures 
are grom in their nutrient media for each separate concentration of 
auxin. The mean value of the lengths of ten cultures represents satis- 
factorily the primary growth of my individual root over the period of 
‘time, or ay interval of the period, for which the study ie made. The 
Jeogth of the cultures is measured with a flexible ruler placed outside 
the culture flask, Measurenente of the length of each root culture are 
made at the tine of transfer and then at daily intervals for the first 
oven days. After this period, the lengths are measured at odd days up 
to md including the fifteenth day. 


Jemmise 
Figure 1 shows the mean lengths of the root cultures in on over 
‘the 15 day period for the various concentrations of indoleacetic acid. 
G is the control, the subscript sero indicating that the cultures are 
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gom in mitrient media containing no auxins (, indicates the growth 
curve of cultures grom in nutrient containing 107 ng aucin per liter, 
ete. ‘The growth curves are noticeably different for cultures grom in 
nutrient media containing different concentrations of indoleacetic acid, 
Concentrations of 10% and 10-6 ng IAA per Liter nutrient enhance growth 
of the root cultures while 107 and 10° ng per liter show an inhibitory 
effect. When the nutrient contains 10°? ng auxin per liter, the growth 
curve of the root culture parallels that of the cultures grom in 
nutrient containing no auxin. The mean lengths of the rect cultures for 
‘thene two cases are the sane after 15 days growths 

‘To determine whether or not the differences in length of the 
‘tissues which had indoleacetic acid treatment and the controls are 
significant, the data at the 15 day period are analysed statistically. 
‘The Student's t-test is applied to ascertain whether or not the mean 
length of the root cultures grom in @ nutrient having a certain concen= 
tration of auxin belongs to « different population or statistical dis- 
‘tribution than the mea length of those roots not subjected to auxin 
treatment; or, in other wrds, to find whether the difference in the 
growth may be attributed to the presence of auxin in the mutrient or 
merely to the natural variability of growth anong several specinens. 
‘If t is large, the probability that the mem lengths belong to the sane 
distribution is small; i.e., the mean lengths are significantly different. 
If t 4s omall, the corresponding probability is large and the mean lengths 
most probab}y belong to the same statistical groups i.e., the difference 
in the lengths is not significant. Table 1 gives the tabulated results 


“uo|njos juajynu 4951] 8d BW }-O1 0} O 
wouy SujBuos YY] 40 Suo}o44UaDU09 404 Sein}ino anssiy JO UjMOID —| ‘GIy 


wo ut saanjino Jo ys6ua) uoaW 


“De 
of these anslyses and shows thet those cultures grom in mtrient con 
taining 10° and 10% mg IAA per Liter do not have lengths significantly 
different than those grown in nutrient having no auxin. However, the 
‘tetest shows that there is a significant difference between the mean 
Lengths of the control roots and those grow in nutrient solutions aug= 
nonted by 107, 10°, 10°F, ana 10 ng IAA por Liter, respectively. 
The first pair of concentrations inhibit root culture growth while the 
latter pair of concentrations enhance growth of the roots. 

Figure 2 shows the mean culture lengths after 15 days growth 
expressed as percentages of the corresponding moan length of the control 
for the various concentrations of indoleacetic acid. The concentration 
of 10°6 ng per Liter effects a moan length of one and one-half tines the 
control while 107 ng auxin per Liter causes the roots to attain only 
half the length of the control roots. The final mean length of the 
cultures increases linearly with decreasing concentration of indole- 
‘Scetic acid in the nutrient medium. 

After the first few dayo, the growth curves of Figure 1 seem to 
Docone linear. If straight lines of the fom y = a+bx oan be fitted to 
‘the data, the slopes of these lines are the uniform growth rates which 
the tissue cultures attain after the initial non-linear period of growth. 
‘The data are satisfactorily fitted to straight lines by the method of 
‘least squares for the h to 15 day growth period (see Table 2), The 
auxin, as shown in Figure 3. 
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CALCULATION OF LIWEAR FORMULAE y © a+ bx FOR THE LINOTH OF 
FIRSUR COLTS (y) 48 x FOWCTON OF MGM OF YS CRORE 


(x) BY THE PROICIPLE OF LEAST SQUARES FOR THE h 70 15 DAY 
‘PERIOD 

& % &% & ee 
Intercept, a 33 25 27 2h 2h 266 13 
Rate of Growth, 
fee Ooo: aus oa 0.30 0685 0h 0.13 
Standard Deviation of 
By (%) 0.021 0.007 0.013 0.011 0.009 0,02) 0,007 
tg = b/s, 9S O57 22 2763 2768 1040 186 


Probability, b is not 
significant <s001L <.001 <.001 <.001 <.00 <.001 <,002 
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‘Bizoussion ond Sumery 
The main question which arises in viewing the results of this 

experiment ie—Why does @ high concentration of IAA retard root growth 
‘while @ low concentration enhances growth? One can speculate that the 
‘ower concentration simlates more closely the natural auxin concentre= 
‘tion in the growing root. The inhibitory effect on growth of higher 
auxin concentrations is hypothetically explained by Skoog, et al (10). 
Auxin de supposed to be active when it functions as the prosthetie 
(roup of an ensyne. The prosthetic group of an ensyne effectively 
bridges the gep between a substrate molecule and the protein part of the 
ensyne. Relatively high concentrations of the auxin result in auxin 
molecules taking over all free positions on the protein component of the 
‘ensynes ‘This blocks the reaction which occurs between the protein and 
substrate molecules and an inhibitory effect, due to reduced ensynatic 
action, is observed. Inhibition of growth may also result from the 
Production of growth inhibitors when an excess of auxin is present (11). 
Such inhibitors, with a structure similar to that of auxin, may either 
occupy positions on the protein component of the ensyme, normally taken 
over by the active auxin molecules, or react with the substrate, Either 
course would block the overall reaction which takes place only when the 
substrate molecules are Linked to the protein ensyme by the specific pros= 
‘thetic group. 

‘The standard deviation of the slope, given in Table 2, of the 
Straight line for C, ranges from three to one and one-half tines those 
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for the auxin concentrations. Hence, the fit of the C, growth data to a 
straight line is not as good as that of the auxin-growth dats. A quali- 
tative estinate of the godmes of fit may also be obtained from inspec 
tion of Figure which shows the calculated lines as compared with the 
orth data for the different auxin conoentrations. The poorest Lineer 
‘fit is observed to be that for the C, growth data, This is a faint 
Andication thet the indeleasetic acid may also function as a regulator 
of the rate of formation of meristenatic cells and perhaps of cell elonge= 
‘tion in the sense that a constant growth rate is mintained. Our data 
seem to indicate that more constant growth rates are obtained for all the 
auxin concentrations tested than for the controls. 

‘Tt is concluded from the observations and statistical analyses: 
1s the prinary gronth of excised corn root tips in mutrient media is 
Anhibited by IAA concentrations of 107 and 10°? ng per liter 
nutrients it is enhanced by IAA concentrations of 10% and 
10 ng per Liters it is not significantly affected by concentra 
tions of 10° ant 1074 ng per Liter. ‘the length of the cultures 
‘Ancreases logarithaically with decreasing auxin concentrations. 
2, he primary growth rate of the root cultures increases regularly 

with decreasing auxin concentrations in the mtrient. The 
highest and lowest growth rates are OG and 0.23 on por day for 
TAA concentrations of 106 and 10-2 ng per liter mutrient. These 
Tates.are about two and one-half and one-half of the rate observed 
for cultures grom in nutrient containing ne indolescetic acid. 
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3. The data faintly indicate that indolescetic acid, in the range 
of consentrations used, helps to establish 2 constant gromth 
vate for exoised corn reot cultures. This suggests that ThA 
may assist in the regulation of the rate of formation of meris= 

‘tematic cells or of cell elongation. 
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Introduction 

Even at the present tine relatively little is now sbout the 
‘Processes involved in lateral roct formation. Bouillenne and Went (1) 
found that the application of auxin stimlated adventitious rect formas 
tion on the stens of Acalypha cuttings. They reasoned that the increased 
root formation was simply due to the applied hornone not being utiliced 
in the growth of stexs, Zimmerman and Hitcheock (2), working with serial 
roots of Cisms, discovered that lateral root formation was induoed either 
by applied auxin or root decapitation. They postulated the formation of a 
factor by the primary root tip which prevented lateral branching but which 
‘veome inoperative when the tip was interfered with or no longer ectively 
erowings 

‘Thinann (3), working with jvena, verified these results and also 
found that the renoval of only 1 mm root tips resulted in inereased 
Asteral root formation. Avena contains Large snouts of naturel auxin, 
Fron this work, Thimann deduced that the principal influence on rect 
branching is exerted by the tip. He surmised that auxin my not be the 
only factor controlling lateral root formation. Van Overbeek (lh), in 
studying the auxin prodiction in ioolated pea roots grown dn vitro, 
found that 10 m root decapitation resulted in a marked ineresse in 
Jateral root formation at the basal end of the root. Delarge (5) pointed 
out also that indolescetic acid initially caused excess branching in 
excised root tips of Zea and friticun grow in sterile cultures However, 
Subsequent retreataent with the auxin caused no further lateral root 
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formation. 

Torrey (6), in a study of lateral root formation in excised pea 
reot tips, found an optimm concentration of 1 mg indoleacetic acid per 
‘Liter nutrient solution for the growth of branch roots. He states that 
‘this concentration produces @ maximum and uniformly reproducible response 
in the musber of lateral rots formed. iis data on the control roots, 
(rom on agar containing no IAA, show on the average no lateral root 
formation for the first 15 days of the study. ‘The root tips, initially 
3 tok mm in length, resched an average length of 7h me Cultures, after 
7 days treatment with 1 mg IAA per liter nutrient and subsequent transfer 
to control media, developed an average of one lateral root after the 
‘finet week of growth and tw lateral roots after the second wesk of 
@onth, The excised rots, initially 3 to mn long, attained average 
engths of 7 and 27 am for one snd tw weeko growth, He also deduced 
tut lateral root furnation either with or without IAA stimilation is 
correlated with the elongation of the primary root. Torrey postulates 
‘that m unidentified substance other then auxin is necessary for lateral 
root formation in pea, but that the substance becomes active within the 
root under the influence of aucin. He also suggests that a balance between 
naturally produced awcin within the root and lateral root forming substance 
controls normal 1aterd root fomation in the intact plant. 

The purpose of this investigation is to study quantitatively the 
formation of lateral reots on excised corn root tips grom in sterile 
autrient media containing different artificial concentrationsef indole= 
Acetic acid with the view of elucidating further the process of Lateral 


-%- 
‘root formation md the role of auxin in the process. 


‘Expenduyo end Eeperinental Remse 
‘This investigation is ancillary to that of the primary growth of 
‘the tissue cultures in sterile mtrient described in Chapter I. The 
‘tissue cultures used in the study of prinary growth are also used for the 
observations of lateral root formation. Thus, the preparation of the 
‘tissues snd the experimental procedures are the sane as those described 
above. ‘The study is made to ascertain whether or nots 
1, Awxin affects the formation of lateral roots. 
2. Lateral root formation 4s dependent on the primary growth of the 
‘tissue. 
3+ Auxin enters into the lateral root end primary growth dependence. 
In Figure 1, the average musbers of branch reots per tissue 
culture calculated from groups of ten cultures, each group having different 
auxin treatments, are plotted against the mmber of days growth of the 
‘cultures. The formation of lateral roots appears to be dependent on auxin 
‘treatment. To establish the existence and to find the nature of the 
dependence of lateral root formation on prinary growth, a statistical 
‘analysis must be performed on the data, The statistical reduction of data 
consisting of tw observations (x and y) made concomitantly in the course 
of the sme experinent is achieved by the use of regression (dependence) 
‘techniques, The simplest relation between x and y from the statistical 
Point of view is that of the straight line y= a+b(x-). The technique 
of Linear regression consists of determining the constants a and b and 
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also the sampling errors to which they are subject. The constant b is 
‘the regression coefficient. If b differs significantly fron sero, y 
shows a definite relation to x, ad one activity is dependent on another 
‘through some mutual agent. ‘The results obtained for the Linear regres 
‘sion of the average number of branch roots per root culture (y) on the 
average primary length of the excised root (x) are given in Table 1 and 
shown in Figure 2, The regression cosfficients b are all significant, 
Therefore a definite dependence of branch root formation on the total 
Length of the reot exists. A statistical analysis mst also reveal 
whether the regression coefficients for the controls and the auxin 
‘treated specinens are howgeneous or whether they are significantly 
differents i.e.) it determines whether or not the auxin is a factor in 
‘the dependence of lateral root formation on prinary root lengths 
Statistically, the agrement of regression coefficients by an analysis of 
variance must be tested. A Joint regression coefficient b for the pooled 
data is caleulated. From this by © sun of squares of the joint regres 
sion 4s found ani compared with the total oun of squares of the seven 
separate regression coefficients by. The honogencity between the joint 
‘Fegression ad the separate regressions oan then be determined by a t= 
test wherein the difference between the regressions and the error variae 
‘tion are taken into account. In Table 2, the malysis of variance yields 
a relatively high value of t which corresponds to a very onall probability 
‘that the various regression coefficients by are in agreement. From this, 
‘4b is concluded that the lateral root fornation-primary root length 
dependence is probably influenced in sone way by the presence of auxin. 
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Fig.2- Linear fits to the average number of lateral roots 
per tissue os a function of primary root length for 
concentrations of IAA of 10-6 to 10-! mg per liter 
nutrient. 
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‘TABLE 2 


AUALYSIS OF VARIANCE 70 TEST JOINTIX THE HOMOGENEITY OF THE 
SSCESAIIG COMFYICINETS b CORATHED ER. As ANKE 


Teen Sm cf Squares MH Mem Square $ Probability 
Joint Regression 759.965 2 1596965 
Difference Between 
nig 1 2 0 KOOL 
(very snell) 
meen. 4o.76 My 04926 
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‘Table 1 shows that a ® F, the mean number of branch roote, differs for 
various auxin treatments, These values of 7 are shom in Figure 3 as 
Percentages of the control, ‘The maximm of the curve corresponds to 
‘@ concentration of 1075 ne TAA per Liter mitrient. The data indicate 
‘this to be a rather sharp inversion concentration. The values of the 
regression coefficients b constitute the best estinates of the nmber of 
‘branch roots per unit length of the root. The control or untreated oul= 
‘ture has the greatest slope; the culture treated with 10° mg IAA per 
Liter mitrient, the next greatest slope. The slopes corresponding to 
‘treatwwnte of the other concentrations of TAA follow no pattern other than 
4 general decrease of the slope with decreasing auxin concentration; the 
slopes of the control amd the concentration of 10° mg per liter do not 
confor to this tren. Since the fit of the data to straight lines is 
not always very good, these slopes may not justifiably be considered as 
Fates of branch root formation per unit of total culture length. ‘The 
slopes, in these cases indicate only that the auber of branch roots is 
Felated to the primary length of the tissw culture, and that the degree 
of the relationship (vis. the inhonogenity of the slopes by) differs in 
‘the preseme of various concentrations of auxin. 


‘Pincussion md Summary 


Tt is interesting to note that the comentration of indolescetie 
acid in the mitrient producing the greatest enhmoenent of primary growth 
of the root cultures does not stimilate the formation of lateral roots, 
In fat, the action of this concentration, 10° ng per liter, of 
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Andoleaoetic eid in the formation of lateral reate is hardly distin 
guishabLe fron that of sxxin concentrations which inhibit primary root 
orth. However, on account of the strong dependence of branch root 
formation on the primary length of the tisme cultures, it is not valid 
‘to draw conclusions about the role auxin plays in lateral branching with- 
‘out consideration of the lengths of the tisaue cultures, Inspection of 
Figure 1 alone would lead to @ conclusion that the concentration of 210° 
mg per liter stimilates lateral root growth. Inclusion of a etudy of 
Figure 2 suggests that the appearance of nore branch reste per tissue 
culture in the presence of 10% ne por Liter IAA could more likely be 
attributed to a grester primary gronth of the Og tissuss then of the Gy 
‘issues rather then to a enhancenent of lateral rect formation by this 
concentration of mixin. The Cy curve of Figure 2 rises nore rapidly than 
‘the Cy curve, md the control tiseue cultures my be considered to form 
more brunch roots per wit total length of tissw thm the tissues grom 
in min concentrations of 10° to 10% ng pe# Liter mutrient. 

Several workers have pointed out that indolescstic acid initialiy 
caused excess vranching in excised root tips. ‘If the initial rise oly 
of the 0, ad Cy curves in Figure 2 are considered, the slopes of these 
‘Lines would be steeper than that of the control curve. Wow, comparison 
of these slopes with those in Chapter I for the primary growth rates 
corresponding to various concentrations of IAA suggests that the effect 
of auxin on primary growth and branch root formation is inverses When 
tthe prinmy growth is speoded up, the rate of production of lateral 
Toots is lowed dom. When primary growth is inhibited, the initial 
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vate of sppearance of lateral roots is enhanced. The determination of 
whether the growth activity ie greater in the direction of total length 
or in the direction of branching seens to hinge on the concentration of 
auxin present. 

Torrey's investigation is more along the lines of the present 
study than other previous work on lateral root formation and is best 
suited for 2 comparison, The nigh concentration of 1 mg IAA per liter 
nutrient which he found optimm for lateral branching in excised pea 
roots 48 greater than the highest, concentration used in this investigas 
tion. But the highest initial rate of lateral root fometion found here 
corresponds to the greatest concentration of IAA. Hence the comparable 
observations in the two investigations are not in disagreement. 

‘his investigation reveals that the growth hormone auxin seems 
‘to take part in the growth activity not only as a regulatar of the rate 
of growth but also as a regulator of the extent of brnchings Very low 
concentrations of 10° and 10° ng TAA por Liter enhance the growth in 
Length of the tissue cultures while the higher concentrations of 10" 
and 10 ng IAA por iter stimdate lateral branching. 
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CHAPTER IIT 
‘THE RESPIRATION OF EXCISED ROOTS AS A 
FONCTION OF TMDOLRACETTC ACTD 
CONCRITRATION 


Beatin 

As a general rule, respiration rates are greatest in meristematic 
‘tissues, sich as growing root tips, since large quantities of carbohydrates 
are oxidized in these regions of dividing cells (1). Beatty has shom » 
Girect relation between the mitotic rate and rate of oxygen consumption in 
yous leaves (2). Moreover, regions of rapid cell elongation are centers 
of high respiratory activity. In ach regions the rate of respiration is 
not mich Less than the rate in regions of cell division. 

Since experinents indicate that auxins take part in the carbohyd= 
vate or organic acid motsbolion of plants, it is reasonable to expect that 
ahencenent or inhibition of primary growth of excised roots by indole= 
acetic acid would also be reflected in an increased or decreased respirae 
‘tion rate of the roots. In fect, it has bem indicated that many different 
Kinds of tissue imediately respire at an increased rate through the 
“pplication of auxin in concentrations suitable for growth stimlation (3, 4). 
Even though auxin appears to take part in the respiratory process, the 
nature of the relation of auxin ad respiration has not been found, 

‘The purpose of this experinent is to determine whether or not the 
respiration of excised corn roots in sterile nutrient media is affected by 
Several different concentrations of indoleacetic acid that have been found 
‘to inhibit as well as to enhance primary reot growth. 


Emperinental Procedure end Results 


‘The preparation of the tissue cultures is the sme as that for the 
“Be 
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Previous experiments, The respiretion rates of cultures rom for one 
day at 20° ¢ in sterile nutrient media containing five different concen= 
trations of indolessetic acid, ranging frou 10% to 107 ng per liter, 
are compared with that of the controls grom in nutrient containing no 
artificial supply of indoleacetic acid. For the respiration observations, 
‘the cultures, in groups of four, are transferred to 15 ml Warburg flasks 
containing 2 mi of the nutrient solution in which they were grow and 
0,2 mi of 20% KOH in the center well. The oxygen uptake of the tissues 
is observed at ten minute intervals for the first half hour and then at 
half hour intervals for sbout four hours. 

‘The observations of oxygen consumption are reduced to rates of 
Fespiration by the technique of linear regressions. The four tissue 
cultures in one flask are not likely to be the sane sise as four tissue 
cultures in another flask. The most securate estimate of the sises of 
‘the tissues is their dry weight. ‘The tissues are dried after the oxygen 
‘uptakes are measured and the groups of four tissues are then weighed. 
‘The concomitant measurenents of dry weight are of importance in inter- 
preting the results of the observations of oxygen consumption, Por any 
@ifference in respiration rate between cultures from two different media 
could perhaps be ascribed to weight discrepancies, To take account of 
‘tho weight differences, either some arbitrary correction of the oxygen 
consumption ean be made to allow for variations in weight, or the data 
can be used to supply their om correction. The most obvious and most 
Widely used arbitrary correction for weight difference 1s that of using 


hoe 

‘the oxygen consumption per unit weight. ‘The respiration rates, their 
standard deviations, and the ratec, after the a priori correction for 
weight 15 mde, are tabulated in Table 1. The microliters of oxygen 

consumed per hour per milligrm dry weight of the cultures are plotted 
for the various concentrations of IAA in their nutrient solution in 

Figure 1. ‘Wo relation of respiration rate to auxin concentration is 

‘epparent. 

The a prior! correction for weight is qestionsble, When the 
uncorrected respiration rates are plotted against dry weight in Figure 2, 
At 4s apperent that no simple increase of respiration with increasing 
Gry weight is observed. Thus the results of a comparison of respiration 
Fates which utilises the arbitrary correction for dry weight are not 
conclusive. 

Asta of the experiment. Without caleulating the actual regression 
formes of the respiration on weight, the analysis of covarimes is 
‘Sdopted to perfom the test of significmes of the differences between 
‘the respiration rates of the tissue cultures grom in nutrient containing 
Andolessetic acid and of those grom in mitrient without TAM. the 
detalles of the analyses and the results of the signitiomes tests are 
given in Table 2, ven then the objectionable arbitrary correction for 
weight differences is elininated, no significant difference in the res= 
Piration rates, which can be abtributed to aun, is founds 


‘TABLE 1 
‘THE RESPIRATION RATES GF TISSUE CULTURES AFTER 2 HOURS IN 


NUTRIENT SOLVETONS CONTAINING VARIOUS AMOUNTS OF 
‘IMDOLEACETIC ACID 
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TABLE 2 
ANALYSES OF COVARIANCE AND VARIANCE GF RESPIRATION RATES OF 
‘EXCISED CORN ROOTS CULTURED IN NUTRIENT MEDIA CONTAINING 
DIFFERENT IAA CONCENERATIONS 
Apshyete of Covertense 
Seren Ie bom “ed 
Cy ad Os Between Series 2 0.0703 = 06318 Lhd, 
6 15.9669 89.60 25 
“= 1 ioe mae Gies 
Gy and 0, Between Series H SOR - 3 Be 
Total 7 «12.9047 — 92a 938622 
O and 03 Between 2 0.0800 168218455 
Within Seri 6 Wk88 68.63 460.02 
Total rs 7 = eh988 69485 478657 
, and Cy Between Series ot. 5.25 121.29 
Within Series 6 uu. 7810 SB,e16 
Total 7 «126122283435 TOSAMS 
“sor pa ae 
thin Ne’ 

7 7 62685 382673 
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Previously, it has been found that the amount of swar in carrot 
‘tissues was less, when the mitrient contained 10° parts of indolensotic 
acid, than the sugar content of tissues grown in nutrient containing no 
muxin. Fron this, Goris (5, 6) concluded that indoleasetic acid enhanced 
‘the proliferation of the tissues up to a certain linit md at the same 
‘tine caused the excess use af the carbohytirates. In the Light of this 
work, it 4s surprising that no difference in the respiration rates of 
excised corn roots is detectable when the tissues are cultivated in 
@ifferent concentrations of indoleacetic acid which have been found not 
only to inhibit but also to enhance primary growth. 

‘The inhibition of both growth and respiration of coleoptile 
sections has been reported (7, 8). A respiration inhibition of Sis was 
obtained for a 762 x 10° molar concentration of fluoride. However, 
Bonner and Thinann (9) noted that exch a concentration is well shove that 
necessary to produce growth inhibition and would be highly toxic to the 
coleoptile. ‘They also found that at a fluoride concentration sufficient 
only to produce 50% growth inhibition, there is no appreciable inhibition 
of respiration in the coleoptile. This work was also verified in the case 
of pea stems (10). 

On the basis of the above work on coleoptiles and pea stens, 
‘although a comparison is not strictly valid, it my be concluded, from 
the experinental results obtained with excised corn roots, that either 
‘the mechanism of action of auxin on the processes of growth and respiration 


== 
is somewhat different or that the respiration process which controls 
Growth, being undetectably ensll, is responsible for only a winute 
fraction of the tobl oxygen consumption of the roote 
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CHAPTER IV 


‘THE RESPIRATION OF PLANT TISSUE CULTURES 
AS A FUMOTION OF X-RAY DOSE 


Detromactacs, 
The results of previous investigations concerned with the effect 


of Inrays on respiration are not in complete accord. Bven though it 
would be expected that the profound effects of X~radiations on living 
systems, evident in many different ways, would also be reflected in the 
gaseous exchange which is characteristic of the overall metabolism of the 
system, many investigators report that no effect on the respiration is 
evident. Boel (1) working with grasshopper eggs and embryos, found that 
‘their respiration was completely normal for as long as 12 days after Imray 
doses up to 5000 r. Tahmisian (25 3) irradiated grasshopper eggs with 
dosages of Xnrays ranging fron 25,000 to 200,000 r. Depresaion of reo 
piration was noted only for the strongest dosages. On the other hand, 
‘Tahnisian end Barron (lh) have reported that the respiration of the eggs 
is significantly depressed by dosages as snall as 10 r. This inhibition 
of respiration laste only a short tine though and the respiration resunes 
‘8 normal rate within five hours, ‘Such an inhibition could have been easily 
overlooked in the above work since in those experiments respiratory 
measurements were not begun imediately after the eggs were irradiated. 
Chesley (5) irradiated sea urchin eggs with X-ray dosages up to h3,000 r 
and reported that the respiration was unaffected. Barron, ot al, (6) 
Anvestigated the effects of X-rays on the respiration of sea urchin spera 
‘Suspensions. ‘They found that the oxygen uptake was reduced by 10% with 
100 r and decreased to 668 of the control for increasing doses up to 
-50- 


Re 
20,000 rs Barron (7), in a study of the cell multiplication and the 
respiration of X~irradiated bacteria, found that it was possible to 
inhibit respiration without altering cell multiplication. 

It is possible that the inhibiting effects of radiation on 
respiration have not been detected to any degres because the organisms 
selected for previous experimentation have, in general, rather complex 
cellular structures. In different localities of these more complex 
living systems, respiration may proceed at vastly different rates after 
srradiation ani yet the overall metabolic activity, as reflected in 
respiration, my be unaffected. Therefore, it would be desirable to 
stady the effects of radiation on aystens, which have a relatively 
simple cellular structure, such as root cultures to determine whether 
or not there is any change in their respiration with radiation. 

‘The purpose of this experinent is to determine whether or not 
‘the respiration of excised corn roots grom in sterile nutrient media 
4a affected by Xerays. 


‘Berinental Procedure and Results 

‘The preliminary preparation of the exised carn roots is the 
sane as that outlined previously. Imediately after excision of the 
Foot tips, four each of the excised roots are given X-ray doses ranging 
fron 100 to 1)00 r. The X-ray unit is operated at 65,000 volts md the 
radiation is filtered through $ mm of Al, The root tips are then trans~ 
ferred to 125 ml Erlemeyer flasks containing 50 ml of White's mutrient 
Solution augnented by 10° ng per Liter indolescetic acid, The cultures 
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are insthated for 2) hours at 20° C. 

The irradiated cultures in groups af four are transferred to 
15 mi Warburg flasks containing 2 nl. of the nutrient solution in which 
each group 4s grow and 0.2 ml of 20% KOH in the center well. The 
oxygen uptake of the cultures is measured by use of standard Warburg 
‘techniques (8) at ten minute intervals for the first half hour and then 
at half hour intervals for about four hours. The Warburg bath is 
operated at 31°C. Then, each group of tissues is dried for about 20 
hours at 300° ¢ and their dry weights mossured. Threo separate Warburg 
runs are mede to meamure the oxygen consumption of tissues having Xaray 
doses from 100 to 100 re 

Figure 1 shows the mean respiration rates for the three Warburg 
Tans in «1 02 per mg dry weight per hour as a function of the Xaray dose. 
Table 1 is a sumsry of the respiration data for the irradiated tissue 
cultures, An analysis of the linear regression relating 1n Qa, to the 
Xeray dose mst be carried through to determine whether or not the res~ 
piration rate decreases exponentially with increasing radiation (9). 
‘The date ore arranged in sets according to the thres different Warburg 
Funss The results of the calculations tabulated in Table 2 are given 
by the analysis of variance of the three series of observations. The 
first t test shows no significant difference between the different sets 
of observations. That is, the three separate Warburg runs are in good 
agreenmnt with each other and form a honogensous set af observations, 
The second t test gives the significance of the linear dependence of the 
4n respiration on the different X-ray doses. A probability of 0,05 here 
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‘TABLE 2 
SUMMARY OF RESPIRATION RATES OF IRRADIATED TISSUE CULTURES 
Bey Net 
Po" (myhe) ae se (pabg/ie) tiene 
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Cae Sd 
2 th te 2 
BR 1053 1b 263. 
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‘TABLE 2 


ANALYSIS OF VARIANCE OF RESPIRATION DATA 


Su of W 
fours. 


0.35062 2 


Mean = Variance t 
—ietie. 
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indicates that the decrease of respiration with increasing dose is 
probably exponential. The last t test shows that the probability of a 
‘fit as bad or worse with the hypothesis of linear dependence is about 
one in ten, From the latter two tests it is concluded that the ree 
piration rates probably decrease exponentially with increasing X-ray 
dose. The In respiration decreases on the average by 0.05 for each 
100 re 

To determine whether the respiration of irradiated tissue 
cultures is truly different than that of unirradiated tissues or the 
observed decrease in the respiration rate is merely due to chance, the 
data are divided into two groupe: controls or unirradiated tissues and 
those having the higher doses of Xerays. The data given in Table 3 are 
‘then subjected to analyses of covariance and variance. The analysis of 
covariance is the simltaneous analysis of tw variables, the respiration 
ates and the dry weights. In this case it was used to supply the 
correction for the dependence of the respiration rate on the dry weight. 
‘The analysis of varisnce is to compare the variation of respiration be~ 
tween the two series with the error variation. 

‘The design of the experinent called for these particular analyses. 
‘The concomitant measurements of dry weights mat be incorporated inte the 
statistical analysis. It is logical to assum respiration to be dependent 
on the sive of the tissues but the relationship is not known, In the 
first caloulation the oxygen consumption in 1 per hour is used and the 
data are allowed to supply their om correction for the dependence of 
respiration on weight. The analysis of variance gives a probability of 
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Jess than 0.001 which refutes the ml hypothesis that equal weight tie 
sues respire at the same rate whether they are irradiated or not. Thus 
the respiration rates of the unirradiated and irradiated tissues are 
‘truly different. The results of the calculation are tabulated in Table h. 
‘The second calowlation is carried through in the saxe way. Here the 
respiration rates are arbitrarily corrected for tissue weights. The 
amualyeis of covariance, Table 5, shows that the mill hypothesis can be 
‘accepted once in twenty times. This, in itself, is inmufficient evidence 
‘to show that the a priori correction of respiration rate is not justified. 
However, when the results of the previous calculation are reviewed it is 
‘Spparent that the arbitrary correction has not completely allowed for the 
‘Weight differences even though the respiration rates, arbitrarily 
corrected for dry weight, of the two series are found to be significantly 
‘different. ‘In the case of observations of the sbove concomitant type, 
‘this study indicates that the analysis of covariance should be used and 
‘the experinont allowed to supply ite om correction since a priort corres 
tions my give misleading values of significance. 


Piscussion and Summary 
‘Tt is shom in the next section of this report that X-rays have 
4m inhibiting effect on the growth of the tissue cultures, The total 
investigation reveals: 
lL X-rays inhibit growth and respiration of excised corn roots. 
2 Higher concentrations of indoleacetic acid inhibit the growth 
‘but not the respiration of excised corn roots. 


<f's 
TABLE 


AWALYSES OF COVARIANGE AND VARIANCE OF RESPIRATION RATES IN 
2:02 PER HOUR FOR UNIRRADIATEDAND IRRADIATED TISSUES 


‘AWALYSIS OF COVARTANGR 
Ttea " # y # correction for 
‘Regression of 


06875-54300 267.531 26150 0.05 
12 10.03h 49.972 6976826 


2 


Between Serios 


Within Series 


13 10.909 65.271 965.357 
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‘Ths, it follows that the action of radiation on the processes of 
growth and respiration is different than that of indoleacetic acid. 

Skoog (10) has found the auxin level in plants to be depressed 
after they have been exposed to radiation. The suggestion hes been 
advanced that radiation suppresses galls by depressing the auxin 
‘Level (11). The above results do not support this proposal since even 
a Large depression in auxin level by X-rays would not lead to the 
observed significant inhibitions of both growth and respiration. It is 
Possible that the arin level in the cultures is depressed by the radia- 
tion but it mst be inferred that the observed biological effects of 
radiation are not due solely to reduced auxin activity. 

One of the factors affecting respiration measurenents is the 
‘temperature at which the oxygen uptake is observed (12). It is possible 
‘that the decrease in respiration of the irradiated cultures is merely due 
to the generation of heat in the body of the culture by the ionising 
radiation. However, other possible actions of rediations should not be 
@isregarded. There aret (1) the inactivation of enaymes, (2) the form 
‘tion of activated water and cell poisons, and (3) the direct action of 
‘the radiation. 

‘The prosent study may throw som light on the "inactivation of 
‘engyneo" theory of radiation damage. The root cultures grom in a nutrient 
with a concentration of 10° mg indoleacetic acid per Liter attained in 
‘two weeks an average length which was Sk% of the length of the control. 
‘The root cultures which were irradiated with 100 r reached m average 
Jength which was 6% of the length of the control, Roughly then, the tw 
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mechanions bringing about the inhibition may be compared. In Chapter II 
it is montioned that mxin my function as the prosthetic group of an 
ensyme and the presence of an excess amount of the hormone may inhibit 
gonth by a redustion of the ensynatic action. In Chapter III it is 
found that auxin in this concentration does not depress the respiration 
rate. If this theory of the action of auxin is accepted, then the theory 
of radiation damage by inactivation of the auxinensynes is open to 
question since the respiration rate is lowered when the tissues are 
irradiated. The theory of inactivation of ensynes by an excess of auxin 
and the theory of inactivation of enaynes by radistion cannot both be 
accepted. The radiation danage sppears to be more drastic then the 
Anhibitery effects of an exeess mount of auxin. The concentration of 
Andolescetic acid which inhibits the prinary growth does not damage the 
activity of lateral branching while the 1)00 r dose of Xeradiation 
completely stops the formation of branch roots. 

Fron the observations and the statistical analyses it may be 
concluded: 

1s ‘The respiration rate of excised com roots grom in sterile 
nutrient media is significantly lowered by X-ray doses up to 
100 re 
2. The respiration rate of the cultures most probably decreases 
‘exponentially with increasing X-ray dose. 
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CHAPTER V 


‘THR GROWTH OF EXCISED ROOTS AS A 
FUNCTION OF X-RAY DOSAGE 


Batestheticn 
The inhibitory effect of X-rediations on the growth of living 


systens is well mom. However, an investigation of the effect of 
‘Inradiation on the growth of the excised corn root cultures is of value 
‘to indicate to what extent their growth is inhibited by the doses of 
Fadiation of the magnitudes necessary to inhibit respiration of the 
tissues. 


‘Experdinentel, Procedure and Results, 
Exoision of the roots, exposure to radiation, and transfor to a 


nutrient solution with Ik concentration of 10 ng per Liter are carried 
‘out in the sane mamer as for the preceding experinent. Groups of five 
tiemve cultures mibjected to various dosages of Zaradiation are grow for 
‘a two week period. The mean values of the measurements of length and 
number of lateral roots during the two weeks are given in Figures 1 and 2. 


‘Dazsesice ont pomeey 
The growth of the tissue cultures becomes less as the dosage of 
radiation increases. This result is in complete agreammt with past 
experionce. Fifteen days after irradiation with 100 r, the lengths of 
‘the tissue cultures are only 6s of the lengths of the controls. The same 
mount of Xnradiation depressed the respiration rate one day after irradiae 
‘tion to one~third the rate of the control tissue cultures, 
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‘THE EFFECT OF X-RADIATION ON BIOKLEGTRIC 
POTENTIALS OF TISSUE CULTURES 


‘Detpetnohion md Bepertnente), Prosetere 
Me bioelectric potentials of different seeds and coleoptiles 


have been found to be depressed by X-rays (1, 2, 3)+ On the basis of 
Previous investigations, it is to be expected that the potentials of 
excised com roots would be lowered by radiation, 

Excised corn roots are prepared for the experinent as outlined 
in Chapter IV of this report. Ten of the tissue cultures are given X-ray 
doses of 100 and ten cultures not subjected to radiation treatment are 
used as controls. The cultures are then grom in 125 ml Erlenmeyer 
‘flasks, containing 50 ml of hite's mutriont mediun with 10° mg per liter 
Andoleacetic acid, for 2h hours at 20°C. At the end of this growth 


‘The results of the observations are given in Table.l. The mean 
Lengths and dianeters of the cultures are very nearly the sane but the 
mean bivelectric potential of the irradiated group ie about 20% lower than 
‘that of the control group. A test of the significance of the difference 
in the mean bioslectric potentials of the control md irradiated groups 
‘shows thet the potentials are truly different. Thus, the decrease in the 
‘mean potential of the irradiated group can be attributed to the action of 
‘the radiation. The sumary of the calculations for the significance test 
is given in Table 2. 
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‘TABLE 1 
MBASURBMRITS OF THE BIOELECTRIC POTENTIALS OF CONTROL AND 
IRRADIATED EXCISED CORN GROW! ON NUTRIENT MEDIA CON 
TADIING ‘MO TAA PER LITER 
CONTROL TRRADIATED (1400r) 
‘Potentiad oh Bete ‘Fotentiel Length Diameter 
40.5 mv 18mm 10 mm 2769 my 18mm (O69 om 
45.0 ww 2700 O05 
a 1.0 2967 ua 068 
32 2 065 52 19 1.0 
37.8 ro 1.0 25 09 
7 20 0.8 27.000 008 
396 18 049 2700s 1,0 
27.9 5 1.0 36.0 Uh 05 
396 23 0.9 it ae 09 
28.8 uv 10 32h 18 0.8 
8 36762 170 8.9 26 = 170 8. 
M3667 170 089 29.2 = 100 OBL. 
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‘SUMOARY OF THE CALCULATIONS TO DETERMINE THE SIGNIFICANCE OF 
‘THE DIFFERENCE IN THE BIORLECTRIC POTENTIALS OF CONTROL AND 
IRRADIATED TISSUE CULTURES 


Be Sento), Exrediated 
Mean Potential, = 3607 2962 
Variance of Mean, Vz 2.916 1.066 
Stmdard Deviation of Mean, sz © 1s7l 2.03, 
7% - %) - 15 
at's, = va - 3.988 
Fae wrtiNen ve Serio Na rye 
the * Weg = 3618 
Probability, % and %, belong 

‘to sane population - 0.002 
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Discussion and Summary 
{The standard deviations of the mean values of the potential for 


‘the control and X-rayed group of tissue cultures, indicate that it is 
possihle to use only a few tissue cultures to determine the effect of 
vadiation on the bicelectric potential. In accordance with other studies, 
‘this experinent indicates that the bicclectrie potential of the tissues 
shows the effect of radiation damage several days before the danaging 
effect on growth is observable. It is interesting to note that the 
cultures exposed to X~ray doses of 1/00 r showed & 20% decrease in the 
bioelectric potential while their respiration is depressed nearly 70je 
‘This indicates that the potentisl of the tissues is not too representative 
of the overall physiological activity. 


‘Bie Tibreting Prove Rectrenter, 

The bioclestric potentials of the individual tissue cultures are 
measured by contact to the tissue through a salt mter bridge. Ag-Agll 
electrodes immersed in the 0.1N KGL solution are comected to a differen 
‘tial euplifier having @ high input resistance. The potential of the 
culture 4s observed by noting the deflection of a meter connected to the 
output of the smplifier. 

Som of the undesirable features of this systen which could 
Possibly lead to errors in the measurenents of the potentials aret 

1. The contact electrolyte may perneste over and through the 

‘tissue and may case a short circuit of the specimen, 
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2. The necessity for high sensitivity of the D.C. amplifier works 

‘against the requirenent of stability. 

In order to avoid these objections an attempt has been made to 
develop a vibrating probe electrometer. The principle upon which the 
Anstrment functions is that when a difference of potential exists 
dotween the two plates of a condenser and one of the plates is vibrated 
at a know audio frequency, the change in capacitance between the vib= 
rating plate and the fixed plate serves to induce an alternating poten 
‘tial on the moving plate (4). Thus, & enall vibrating probe placed 
close to an organism, which is the source of a DsC. potential, wuld 
have an alternating potential induced upon it by virtue of the changing 
capacitance between the probe surface ani the surface of the organism (5). 
‘The above disadvantages characteristic of the D.C. system may be avoided 
by use of this principle in the measurenont of bioclectric potentials 
since no direct contact to the specinen is made exeept by the reference 
return electrode, which need not be a sult water contest, and A.0. 
amplifying cirouits are used! instead of the more troublesome D.C. 
cireuits. 

Figure 1 is a block diagran showing the vibrating probe, the 
narrow band A.O. emplifier, and the other components necessary foropere~ 
‘tion of the probe. The output of the amplifier is displayed as a sine 
wave on the screen of a cathode rey oscilloscope. A Hewlett-Packard audio 
oscillator, type 200-D, drives a euall two inch spesker at a frequency 
near 500 cycles per second. Firmly attached to the center of the opesker 
cone is 2 round plastic rod having & cross-sectional area of six square 
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millimeters. This rod is about ten centimeters long end vibrates in the 
‘vertical plane at the input audio frequency. The lower flat surface of 
‘the rod 1s coated with a sooth layer of conducting silver paint which is 
comected by a fine wire to the signal test lead leading to the input 
stage of the amplifier. The probe is placed as close to the specinen as 
is feasible. 

Figure 2 is a schematic diagran of the amplifier. The input 
stage is completely shielded ani contains an scorn tube, type 95, used 
a5 & cathode follower. A procision resistor of 10° obs is used in the 
input gid circuit. A part of the output of the first tube is fed into 
‘the cathode follower stage, tube type GACT, whose output is used to drive 
‘the shielding of the input stage. Since the voltage gain of each of the 
‘two cathode follower stages is slightly less than unity, the shielding of 
‘the input stage is driven at potential slightly less than that of the 
Anput eigal (6). When the shielding of the input stage 1s floated at a 
Potential near that of the signal, there 1s no significant leaking of the 
‘signal off to ground and the input capacitance appears to the signal 
source to be greatly reduced. Moreover, locking into the auplifier, the 
input resistence sppears mich larger because of the low signal current 
flowing in the input circutt. 

The amplifier following the input etreult employs an LC type 
‘ridged T network in the feedback circuit and is a modification of one 
developed by Tuner (7). This audio frequency amplifier provides a 
voltage gain of the input signal of about 2500 and it does nob pass a 
Signal of any frequency appreciably different fron that for which it is 
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‘tuned, Thus, spurious signals are prevented fron reaching the final 
measuring instrument. 

‘The sharpness of tuning of the amplifier is shown by the 
frequency response curve of Figure 3 which is obtained for one milli= 
‘volt input to the grid of the first 6SN7 stage. The gain of the 
eaplifier is dom 30 d at 10 cycles off resonance, Sharpness of the 
amplifier tuning and voltage gain are indicated by the following reo~ 
Ponse measurements: at 492 eycles the output is 2.55 volts for m input 
of 1 millivolts at 491 cycles, 1.23 volte; and at 490 cycles, 0.66 volts. 
‘At 04707 of the maximm revonant output, or 3 db dom, the bandwidth is 
only two cycles. 

Preliminary tests show that the mplifior is perfectly satis 
factory for the detection of a A.C. signal having « potential mch less 
‘than 1 mys in fact, its noise lovel is about 30 microvolts. When the 
probe is not vibrating, a sourco of A.C. potential of 1 av, placed about 
‘2m distant from the end of tho probe, is easily detected. However, on 
vibrating the probe a source of D.C. potential of 500 mv, placed as close 
to the probe surface as possible without contact, cannot be detected. 

Previous circuits gave more promise in the measurement of the 
Potentials. However, the sbove circuit is still in the developmental 
‘stage. One of the difficulties is believed to be the limited amplitude 
of vibration of the probe with the present equipment. ‘The principle of 
operation is sound and it appears possible that on further development 
@ working system can be evolved. 
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‘SBOBRL AyD CONLIE TONS 


‘From this work, concerned with various biophysical spects of 


~ plant tissue cultures, the following my be concluded: 
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The prinary growth of excised com roots in sterile mutrient 
media is inhibited by indoleacetic acid concentrations of 
20 and 10% ng por liter mtrient; it is enhanced by ThA 
concentrations of 10° and 10-6 ng per liter; it is unaffected 
by concentrations of 10°3 and 10% ng per Liter. 
The Length and primary growth rate of exeised com roots 
Anoreases regularly with decreasing auxin concentrations. It 
4s possible that IAA helps to establish a constant growth rate 
for the cultures md, hence, may assist in the regulation of 
‘the rate of formation of new cells and of their elongation. 
Indolescstic acid plays an inverse role in the prinary grorth- 
Lateral root formation relation of excised com roots. 
Indoleacetic acid in the concentrations of 10% to 10° ng per 
Liter nutrient does not affect the respiration rate of excised 
corn reots grown in sterile nutrient solution. 
‘The action of auxin and radiation on the processes of growth 
and respiration of exeised com roote is different. 
‘The respiration rate of excised com roots grom in sterile 
nutrient media is significantly lowered by X-radiation. 
== 
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Tho respiration rate of the cultures most Likely decreases 
exponentially with increasing X~ray dose. 
‘The effects of radiation on the growth end respiration of 
excised cor roots are not due solely to the reduced activity 
of the auxin ensynatic systen. 
Tho primary growth of tissue cultures is inhibited by Xaradia= 
tion. 
Lateral root formation is strongly inhibited by radiation. 
The bicelestric potential of excised corn roots is lowered 
by radiation, The potential is net indicative of the overall 
physiological activity of the cultures. 
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